EP 2009 118 A2

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 009 118 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
31.12.2008 Bulletin 2009/01

(21) Application number: 08466007.5

(22) Date of filing: 11.04.2008

(51) IntClL.:
C12Q 1/68(2006.01)

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HRHUIEISITLILTLULV MC MT NL NO PL PT
RO SE SI SK TR
Designated Extension States:
AL BA MK RS

(30) Priority: 23.04.2007 CZ 20070295
(71) Applicant: Vyzkumny Ustav Veterinarhiho

Lékarstvi
621 32 Brno (C2)

(72) Inventors:
¢ Slana, lva
618 00 Brno-Cernovice (CZ)
e Kralik, Petr
612 00 Brno (CZ2)
¢ Pavlik, lvo
602 00 Brno (CZ2)

(74) Representative: Jirkalova, Hana et al
Ministerstvo zemedelstvi CR
Tesnov 17
117 05 Praha 1 (C2)

(54) Method of the detection and the quantification of Mycobacterium avium subspeceis
paratuberculosis on the base of the polymer chain reaction in the real time

(57)  Thepresentinvention provides a method for mo-
lecular detection and quantification of Mycobacterium
avium subspecies paratuberculosis (MAP) by means of
real time PCR, which is based on two independent real
time PCR reactions amplifying two independent loci in
the MAP genome: IS900 and F57. Both real time PCR

systems are based on strategy of hybridization probes
and each includes its own plasmid internal amplification
control based on competitive PCR. Quantification is
based on the plasmid gradient with PCR cloning prod-
ucts.

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2009 118 A2
Description
Technical area
[0001] The invention is dealing with a method of detection and quantification of Mycobacterium avium subspecies
paratuberculosis (MAP) by real-time polymerase chain reaction (real time PCR). Specifically, these are two independent

real time PCR systems, which detect two loci IS900 and F57 specific for MAP.

Present state of the technique

[0002] MAP s an intracellular parasitic bacterium, which is the causative agent of a chronic inflammatory disease of
ruminant intestines designated as paratuberculosis or Johne’s disease. The infected animals suffer from chronic diar-
rhoea and gradual weight loss. Paratuberculosis in ruminants is characterised by a long incubation time and a wide
individual variability in pre-clinical and clinical phases of the disease development (Ayele et al., 2001).

[0003] In ruminants, MAP is above all shed through faeces, sperm and milk. MAP present in milk and milk products
can become potential vectors of MAP to man and thus they are important from an aspect of food safety (Grant, 2006).
Mycobacteria are relatively resistant to different temperatures and have been detected by culture in milk pasteurized at
71 and 72 °C (Ayele et al., 2005).

[0004] MAP is considered as one of the potential causative agents of Crohn’s disease in humans, which is also
manifested by inflammatory disease of the intestinal tract (Chamberlin et al., 2001; Bull et al., 2003). The exact aetiology
of this disease remains obscure; however the model of autoimmune disease has been currently accepted. This model
does not presume presence of live MAP in the patient’s body. This may be the reason, why MAP was not found by
culture in a number of patients with Crohn’s disease, but only the below mentioned specific loci were detected (Baksh
et al., 2004). From this aspect, children and immunocompromised patients are the most risky groups (Chamberlin et
al., 2001; Hruska et al., 2005).

[0005] The MAP infections are diagnosed at present by a number of microbiological, immunological and molecular
biology methods. The culture detection of the causative agent of paratuberculosis is considered as the "golden standard"
at present. Long term in vitro growth of MAP (at least 2 to 3 months) is a disadvantage of this relatively reliable method.
Indirect serological methods based on detection of antibodies against the causative agent of paratuberculosis specifically
in the blood are specific and their sensitivity is low (Lombard et al., 2006). False negative results are often obtained or
they cross-react with antibodies of genetically related mycobacteria from the environment. These results must be con-
firmed by direct detection of MAP.

[0006] Among the molecular biology methods, a number of systems based on conventional or "nested PCR" are used
nowadays for direct detection of the causative agent of paratuberculosis. Two loci specific for MAP are most commonly
used for the detection. Twelve to 18 copies of the insertion sequence 1S900 (X16293; Green et al., 1989) are found in
the MAP genome (Bull et al., 2000) and it is considered as the "golden standard" for MAP detection by means of PCR.
Only one copy of the genetic element F57 (X70277) is present in the MAP genome (Poupart et al., 1993). Nevertheless,
confirmation of the results obtained by PCR is necessary, especially if it is used for routine diagnosis. It is usually
necessary to use hybridization of nucleic acids with specific probes, which however makes the whole process more
demanding and applicable for experimental purposes only.

[0007] The method of real time PCR has been recently employed for detection and potential quantification of MAP in
biological material (Kim et al., 2002; O’Mahony and Hill, 2002). It is based on visualization of the PCR products by means
of fluorescent stains. High specificity and sensitivity are its benefits. To the best of our knowledge, two strategies of
fluoresce labelling have been used: (1) incorporation of dsDNA specific fluorescent stain SYBR Green to the newly
formed PCR products or (2) short oligonucleotides (hybridization probes) that are labelled with fluorescent stains and
lie in the areas amplified by primers. Besides primers, they ensure the "second specificity" in real time PCR.

[0008] Thefirstapproach allows detection of MAPpresence inthe analysed material and determination of the specificity
of the PCR product only according to the length of the PCR product based on the denaturation curve. Naturally, this
assessment of specificity is not sequence specific and depends above all on the percentage of different nucleotides
present in the resulting PCR product (O’Mahony and Hill, 2002; Ravva and Stanker, 2005). Hence, it is necessary to
use additional hybridization in the checking for sequence specificity, when the internal amplification control (IAC) cannot
be applied. Nowadays, the use of an IAC is necessary for diagnostic purposes, because it represents the only tool to
differentiate the false negative from the truly negative samples. Provided that the sequence of the amplified segment is
unique for MAP, the second approach allows qualitative and quantitative analysis without any need for further confirmation
of specificity.

[0009] The mostoften used types of probes for MAP detection are: (1) hydrolysation probe and (2) FRET (fluorescence
resonance energy transfer) probes.

[0010] When hydrolysation probes are used, these are digested by the exonuclease activity of DNA polymerase during
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amplification and fluorophor is released. Their advantage is that they are applicable with any real time PCR instrument
available. On the other hand, FRET probes are based on simultaneous hybridization of two probes: one of them carries
fluorophor at its 3’ end (donor) and the second one is labelled with another fluorophor (acceptor) at 5’ end. The donor
energy emission is the accepted by acceptor and the wavelength of the latter is measured. The FRET probe is only
applicable to Roche Diagnostics instruments (O’Mahony and Hill, 2004; Tasara and Stephan, 2005). The use of any
probes labelled with a different fluorophor than is the probe for the target sequence allows IAC coamplification in one
real time PCR reaction (Rodriguez Lazaro et al., 2005; Brey et al., 2006).

The subject of invention

[0011] The above mentioned disadvantages are eliminated by the method of detection and quantification of Myco-
bacterium avium subspecies paratuberculosis (MAP) by the real-time polymerase chain reaction according to the in-
vention, which is characterised by detection and quantification of MAP using primers and probes, which amplify two loci
specific for MAP: 1S900 and F57 in samples of animal and vegetable origin.

[0012] The method according to the invention is further characterised by the fact that MAP assessment is performed
in any sample of animal origin, above all from farm animals and in clinical samples from human patients, samples of
vegetable origin, samples from the environment, particularly fertilisers, dust, hay etc., samples of archaeological findings
and samples of food and feed.

[0013] The invention is further characterised by primers and probes based on 1IS900 and F57 for detection of MAP
and plasmid constructs produced during performing the method according to the invention.

[0014] The kits for detection and diagnosis of MAP with the method according to the invention are also a part of the
subject of invention; they are characterised by the content of one or more oligonucleotides or plasmid constructs, which
are used or produced during performing the method according to the invention.

[0015] The method according to the invention is dealing with two independent real time PCR systems for detection
and quantification of MAP in biological material. They are based on amplification of MAP specific loci. The first one is
based on amplification of the insertion sequence 1S900 and the second one on the amplification of the genetic element
F57. Every sample is analysed by both systems. The advantage is that positivity of each sample is confirmed by two
independent reactions and thus the risk of potential false positivity is excluded. The IS900real time PCR is more sensitive;
however, it does not allow exact quantification of MAP in the analyzed samples. On the other hand, only one single copy
of the genetic element F57 is present in the MAP genome and therefore it is suitable for accurate quantification of MAP
cells in samples.

[0016] Both real time PCR systems are based on the use of hydrolysation probes labelled with FAM (6-carboxyfluo-
rescein) and thus they can be used for all available real time PCR instruments without the need for further confirmation
of specificity.

[0017] Both systems include their own plasmid IAC that is based on competitive PCR (sequence of primers for the
target sequence 1S900 or F57 are identical with corresponding IAC). The use of only one set of primers for amplification
of two PCR products in one real time PCR reaction reduces the risk of formation of nonspecific PCR products and
consequent decrease in effectiveness of the PCR technique in the analysis of real samples. The inner sequences of
both IAC are identical and that allows using only one Cy5-labelled probe for IAC in both PCR systems. Using only one
set of primers for every real time PCR reaction and one probe for IAC reduces total financial costs of chemicals needed
for the analysis.

[0018] The analysis protocol is identical for both real time PCR systems. It is an advantage in the case that few samples
are processed. In one experiment, the same samples can be simultaneously analysed by both real time PCR systems,
and thus the financial costs and time needed for analysis are notably reduced.

[0019] The standards for both real time PCR systems were prepared by cloning PCR products for IS900 and F57 into
plasmid vector. The isolated plasmid DNA was diluted in the range between 1 x105 and 1x10° plasmid copies per 1 ul
of reaction. The appropriate dilution series was amplified in every experiment. It was used as the positive control of
amplification and data source for construction of the calibration curve and thereby for determination of PCR efficiency
of plasmid gradient calculated according to the regression curve equation. The calibration curve was used for exact
quantification of MAP in unknown samples.

[0020] The method according to the invention, based on amplification of two loci specific for MAP using real time PCR,
has been optimized for routine diagnosis of MAP in different types of biological material. The main advantage is the
universal use (application in different laboratories and different instruments is possible without need for further modifi-
cations), it is not time-demanding and the low costs are combined with high specificity, sensitivity and reproducibility.
[0021] The following examples of performing the method according to the invention will only document the method
without any restriction.
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Examples of performing the method

Example 1
[0022] The method according to the invention consists of several steps:

DNA material. DNA templates from 17 bacterial and 4 mammalian species were used for confirmation of specificity
of the developed real time PCR systems (Table 1).

[0023] Milk samples from 71 cows from a herd infected by paratuberculosis were used for testing the DNA isolation
and the developed real time PCR systems. At the beginning of milking, the first milk ejections from every cow (the first
3to 4 ejections from each of the teats that are usually discharged) were collected into a sterile disposable plastic container
with a volume capacity of 200 ml. The milk samples were put into refrigerating boxes and delivered to the laboratories
where they were stored at 4°C and processed within 3 days. Two independent samples from each sampling time were
processed: one was used for DNA isolation and the other one as a stock sample for a case if DNA isolation or real time
PCR failed.

[0024] Design of primers and probes. Primers and probes for insertion sequence 1S900 (X16293) and fragment
F57(X70277) were designed by programme Primer3: http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi, (Table 2).
[0025] Preparation of plasmid standards. For preparation of plasmid standards for IS900 and F57 real time PCR,
the PCR products of IS900 and F57 were amplified by conventional PCR using HotStar PCR Master Mix Kit (Qiagen,
Hilden, Germany), 10 pmol of primers ISQSOOqPCRF and IS900QPCRR or F57qPCRF and F57qPCRR and 2 pl of lysed
MAP suspension (Collection strain CAPM 6381; Collection of Animal Pathogenic Microorganisms, Brno; http:
/lwww.vri.cz/labs/patogen/default.htm) in a total volume of 20 wl. PCR amplification was run under the following condi-
tions: initial denaturation at 95°C for 15 min, followed by 30 cycles of denaturation at 95°C for 20 s, annealing at 60°C
for 30 s, extension at 72°C for 1 min and final extension at 72°C for 5 min. Without further purification, the obtained PCR
products were cloned into the vector pCR 2.1 (Invitrogen, Carlsbad, USA) according to the manufacturer’s instructions.
[0026] Plasmids containingthe inserts IS900(Tuor) and F57 (Beren) were purified using the Kit QlAprep Spin Miniprep
Kit (Qiagen, Hilden, Germany), eluted in 200 .l TE buffer (Amresco, Inc, Solon, USA) and sequenced for confirmation
of correct sequence of the insert. Exact concentration of the plasmid DNA and purity were assessed in triplicates in the
spectrophotometer BioPhotometer (Eppendorf, Hamburg, Germany). The mean concentration value was used in the
subsequent work with plasmid DNA. Simultaneously, the quality of plasmid DNA was visually checked by agarose gel
electrophoresis. To increase the stability of plasmids in TE buffer during storage at -20°C and to decrease their loss
during subsequent handling, 10 g fish sperm DNA was added (Serva, Heidelberg, Germany). The resulting concen-
tration of fish sperm DNA was 50 ng/p.l.

[0027] Preparation of internal amplification controls. IAC for IS900 and F57 real time PCR are based on the
principle of competitive PCR. 1S900 and F57 "forward" and "reverse" primers have been fused at 3’ ends with short
oligonucleotides (TGTTAGAGAGG and ACTCTAAACCCAA) from the potato gene SfTS1 (Solanum tuberosum Treha-
lose synthetase 1; AF483209). Both PCR products were prepared from potato DNA according to the above mentioned
PCR protocol using the annealing temperature reduced to 50°C. Subsequently, they were processed identically as the
plasmid standards for IS900 and F57. The IAC plasmids for 1IS900 (Idril) and F57 (Luthien) were stored in TE buffer
(Amresco, Solon, USA) at -20°C before further use.

[0028] Duplex IS900 and F57 real time PCR. The conditions for IS900 and F57 real time PCR were optimized until
the best concentration of primers and probes, concentration of IAC, concentration of MgCl, and conditions of the PCR
protocol were determined. The optimized PCR reaction mixture for both real time PCR systems consisted of 1x DyNAmo
Probe gPCR Kit (Finnzyme, Espoo, Finland), 10 pmol of primers ISQ00qPCRF and IS900QPCRR or F57qPCRF and
F579gPCRR (final concentration 0.5 wM), 1 pmol of probes IS900gPCRTM or F57qPCRTM labelled with FAM (final
concentration 0.05 wM), 4 pmol of Cy5-labelled probe for IAC IACQPCRTM (final concentration 0.2 pM), 0.2 U of Uracil
DNA Glycosylase (Sigma, St. Louis, USA), 50 copies of plasmid Luthien or Idril and 5 wl of DNA template in a total
volume of 20 pl.

[0029] Amplification and detection of fluorescence, which was identical for both real time PCR systems, was performed
in the LightCycler 480 Instrument (Roche Molecular Diagnostic, Germany) in 96-well PCR plates under the following
conditions: 37°C for 10 min, followed by initial denaturation at 95°C for 15 min and 47 cycles at 95°C for 5 s and 60°C
for 40 s (fluorescence scanning). The subsequent analysis was conducted using the Fit point analysis in the software
for LightCycler 480 (version 1.2.0.0625).

[0030] Specificity of IS900 and F57 real time PCR. Real time PCR experiments with lysed bacterial suspensions
and DNA isolated from the peripheral blood of selected mammals were conducted to check specificity of the designed
primers and probes for IS900 and F57 real time PCR (Table 1). One bacterial colony was resuspended in 20 pl of
distilled water and denatured in a hot block at 100°C for 20 min. Subsequently, the produced suspension was centrifuged
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at 14 000 g for 10 min and the supernatant was used as a DNA template for real time PCR experiments. Mammalian
DNA was isolated from peripheral blood using QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions.

[0031] Sensitivity and reproducibility of IS900 and F57 real time PCR. Sensitivity of the IS900 and F57 real time
PCR systems was assessed by decimal dilution series of plasmids Tuor and Beren. Both plasmid gradients were diluted
in the range between 10% and 10° copies/ul with TE buffer (Amresco, Inc, Solon, USA) containing 50 ng/ul fish sperm
DNA (Serva, Heidelberg, Germany) and 10 copies/ul of plasmids Luthien and Idril. The prepared plasmid gradients
were used for quantitative detections or as positive control in real time PCR and for calculation of the efficiency of the
plasmid gradient amplification in the current PCR experiment. Therefore, an appropriate plasmid gradient was amplified
in every real time PCR experiment. Reproducibility was determined by performing 20 independent repeated detections
with freshly prepared dilutions of plasmid gradient.

[0032] Isolation of total DNA from milk. The initial 50 ml volume of fresh milk was centrifuged at 4 211 g (RCF) for
45 min in Hermle Z 383 K centrifuge (Hermle, Gosheim, Germany). The majority of the supernatant and cream was
discharged. The pellet was resuspended in the remaining supernatant and transferred into another 2 ml tube. Subse-
quently, the samples were centrifuged at 14 000 g (RCF) for 10 min. The volume in every test tube was adjusted to 400
wl. Such "preprocessed samples" were stored at -80°C before use. The total milk DNA was isolated according to the
modified protocol of the QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany). After 5-min incubation, DNA was eluted
in 50 wl of preheated TE buffer (Amresco, Inc, Solon, USA). The elution was performed twice. The isolation resulted in
obtaining 100 pl of total DNA from milk in TE buffer containing carrier fish sperm DNA in concentration of 50 ng/p.l.
According to the parameters of the DNA isolation procedure, calculation of the number of MAP cells per 1 ml of initial
milk volume was performed as follows: the number of F57 copies obtained in real time PCR was divided by 2 = number
of MAP cells in 1 ml of initial milk volume. In the event of IS900 real time PCR, the calculation was identical and moreover,
the obtained number was divided by eighteen (1 MAP cell does not contain more than 18 copies of IS900; Bull et al., 2000).
[0033] Measures for prevention of cross contamination. Due to the fact that real time PCR is highly sensitive, the
measures for prevention of cross contamination had to be strictly observed. DNA isolation, preparation of mixtures for
real time PCR and addition of DNA template were performed in separate rooms with air overpressure. All tools and
pipettes were washed with DNA-Exitus (AppliChem, Darmstadt, Germany) before use. Only filter tips were used. Negative
control of isolation (water) that allows monitoring of potential contamination of the used chemicals and plastic materials
was included in each run of DNA isolation. The chemicals and plastic materials for real time PCR were checked for
contamination by means of negative PCR control (water instead of DNA template), which was included in each real time
PCR experiment.

[0034] Statistical analysis. The values of crossing points obtained by IS900 and F57 real time PCR were calculated
per actual number of copies according to the appropriate standard curves. The calculated values from gradients of
plasmids Tuor and Beren were grouped and compared to each other using programme the InStat (GraphPad, San
Diego, USA). The data were tested for the homogeneity of the variance by the Kolmogorov and Smirnov test and the
variance by Student’s T-test.The groups of data were tested for normality of splitting and variance by means of a test
of variability, i.e. Kolmogorov-Smirnov test and T-test, respectively. The differences at P < 0.05 were considered as
significant. The coefficient of variability (CV) was calculated with the aim to measure accuracy of DNA isolation and
subsequent real time PCR. For indication of the variance of respective calculated values, 95% confidence interval was
determined.

Results

[0035] Optimisation of IS900 and F57 real time PCR. Optimal amount of copies of the plasmids Luthien or Idril,
which ensures optimal coamplification with the target sequence, was determined by titration of 5 x 103, 5 x 102, 5 x 101
and 5 x 109 of each IAC copy to PCR reaction and appropriate plasmid gradient. The results were identical for both real
time PCR systems. It was found that 5 x 10" copies of the plasmid Idril or Luthien per reaction (values of crossing point
between 35 and 36) did not affect amplification of appropriate plasmid gradient even in the lowest concentrations and
provided a sufficiently strong signal that could be distinguished from the background.

[0036] In the next step, the effect of nonspecific fish sperm DNA present in a template on the amplification of a target
molecule during real time PCR was investigated. Plasmids Idril and Luthien (10 copies/pl) were diluted in TE buffer
containing 0, 10, 30, 50, 70, 90, 100 and 200 ng/u.l fish sperm DNA and were used as diluents for preparation of plasmid
gradients Tuor and Beren. Thus the prepared templates were analysed by IS900 or F57based real time PCRin triplicates.
[0037] The values of "crossing points" of both gradients were not affected even by presence of 100 ng/pl (500 ng per
PCR reaction) of nonspecific DNA. The concentration of 200 ng/ul significantly inhibited both real time PCR systems.
For other experiments, the concentration of 50 ng/ul was used.

[0038] Specificity of 1IS900 and F57 real time PCR. Both real time PCR systems were tested for capability to
selectively distinguish DNA of MAP from other bacterial lysates and mammalian DNA (Table 1). No bacterial or mam-
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malian DNA except MAP was amplified by either F57 or IS900 real time PCR and all negative samples showed a clear
signal for IAC. Mammalian species were chosen as the most likely sources of DNA background for the developed real
time PCR systems.

[0039] Sensitivity of IS900 and F57 real time PCR. By both real time PCR systems, one copy of plasmid Beren or
Tuor per 1 pl (5 copies per reaction) can be detected in all 20 replicates (Table 3, Figure 1). Comparison of the calculated
datasets for F57 and 1S900 using T-test did not show a significant difference (P > 0.1) between them.

[0040] Isolation of DNA from field samples of milk. Both developed real time PCR systems were used for detection
and quantification of MAPin 71 milk samples from a herd of cows infected with paratuberculosis (Table 4). The collected
milk samples were tagged with codes, DNA was isolated from them and analyses by IS900 and F57 real time PCR were
performed. Samples, which were slightly positive for IS900 and negative for F57, were considered as positive. Every
field sample was analysed in duplicate and was considered as positive only in the case that both duplicates were positive;
otherwise DNA isolation was repeated and both real time PCR were performed using the reserve sample.

[0041] The proportion between the calculated IS900 and F57 copy numbers are presented in Table 4. The copy
numbers of IS900 were always higher than F57 in all the samples with simultaneously positive results from IS900 and
F57 real time PCR and the ratio 12 to 18:1 was detected in almost all samples. The copy number was not higher than
50 in all samples where IS900 was only detected; that corresponded to approximately 3 MAP cells.

[0042] Experimental limit of MAP detection in milk. After calculation of the copy numbers obtained from real time
PCR per initial volume of milk, the experimental limit of detection was determined: 1 MAP per 2 ml milk for IS900 real
time PCR and 2 MAP cells per 1 ml milk for F57 real time PCR. We can suppose that in fact, no detection system is
perfect. Despite all precautions, target sites may be lost during handling a sample due to either DNA fragmentation
during isolation or adhesion to the consumable plastic material. Therefore a lower probability of detection in low con-
centrations should be expected. DNA extracted from a complex material such as milk may contain traces of inhibitory
substances. These will not be reflected in IAC amplification, but they may inhibit the low concentrations of target sites
(Herthnek and Bolske, 2006).

[0043] Notes for figure 1: Figure 1 displays diagram comparing F57 and 1S900 real time PCR ranging between 105
and 10° copies per 1 ul (corresponding to 5 x 105 - 5 x 100 copies per real time PCR reaction). Regression equation
and reliability values R2 for both curves are the following: gradient for plasmid Tuor (1IS900real time PCR) - y = - 3.46963x
+39.84290; R2 = 0.99952 and gradient for plasmid Beren (F57 real time PCR) - y = - 3.49555X + 39.93065; R2 = 0.99978.

Applicability for the industry

[0044] This method of detection and quantification of MAP is above all intended for routine diagnosis. It is designed
for quantification of MAPin any biological material. The prerequisite of its successful use is isolation of high-quality DNA
from a given matrix. The developed real time PCR systems were tested under practical conditions on DNA samples
isolated from milk, which can be the primary source of MAP transmission to man.

[0045] The above mentioned method comprises the real time PCR protocol with hydrolysis probes and IAC, including
PCR mix composition and proportions in different components, PCR protocol, the analysis of obtained data and quan-
tification of MAP in samples.
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Table 1

List of bacterial and mammalian species tested by IS900 and F57 real time PCR with corresponding internal

amplification control

Species

Source

M. avium subsp.
paratuberculosis

M. avium subsp.
paratuberculosis

M. avium subsp.
paratuberculosis

M. avium subsp.
paratuberculosis

M. avium subsp.
paratuberculosis

M. avium subsp.
paratuberculosis

M. avium subsp. avium
M. avium subsp. avium
M. avium subsp. hominisuis

CAPMa2 6381

field sample (bear), CR

field sample (fallow deer), CR
field sample (faeces), CR
field sample (moufflon), CR
field sample (cattle), CR
CAPM 5889

field sample (rabbit), CR
field sample (pig), CR
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(continued)
List of bacterial and mammalian species tested by 1IS900 and F57 real time PCR with corresponding internal
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amplification control

Species Source 1IS900 F57
M. avium subsp. hominisuis  clinical isolate (man), CR - -
M. gordonae ATCCPb 12478 - -
M. cansasii ATCC 12478 - -
M. scrofulaceum ATCC 19981 - -
M. szulgai ATCC 35799 - -
M. intracellulare CAPM 5627 - -

Escherichia coli
Salmonella entericaserovar
Typhimurium

Sheep (Ovis aries)

Goat (Capra hircus)

Cattle (Bos taurus)

Man (Homo sapiens
sapiens)

competent cells (Invitrogen)
CAPM 5438

field isolate DNA, CR
field isolate DNA, CR
field isolate DNA, CR
clinical isolate, CR

aCollection of Animal Pathogenic Microorganisms
bThe American Type Culture Collection
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Table 4
Detection of MAP in cow milk (the first ejections from all teats) from a herd of cows infected with paratuberculosis
1IS900+ and F57+ 1IS900+ and F57-
Cow No. 1S9002 F572 Number of Cow No. 1S9002 F572 Number of MAP¢
MAPD

1 37 10 5 1 52 0 <2
2 598 58 29 2 22 0 <2
3 12 9 5 3 19 0 <2
4 30 4 2 4 16 0 <2
5 4 3 2 5 3 0 <2
6 34 6 3 6 13 0 <2
7 679 74 37 7 1 0 <2
8 53 10 5 8 4 0 <2
9 10 4 2 9 16 0 <2
10 37 3 2 10 6 0 <2
11 30 5 3 11 9 0 <2
12 49 5 3 12 3 0 <2
13 160 6 3 13 14 0 <2
14 399 7 4 14 30 0 <2
15 6 4 2 15 36 0 <2
16 34 0 <2

17 24 0 <2

18 21 0 <2

19 45 0 <2

20 25 0 <2

21 47 0 <2

22 6 0 <2

a2 Mean number of copies from a duplicate per PCR reaction.

b Number of MAP cells per 1 ml of initial milk volume. Calculated from the amount of MAP cells detected by F57 reall
time PCR (number of F57 copies obtained from real time PCR divided by 2 = number of MAP cells per 1 ml of initial
milk volume).

°Number of MAP cells per 1 ml of initial milk volume. Calculated from the amount of MAP cells detected by 1S900
real time PCR (number of IS900 copies obtained from real time PCR divided by 36 = number of MAP cells per 1 ml
of initial milk volume)..

Claims

1. The method of detection and quantification of Mycobacterium avium subspecies paratuberculosis (MAP) by real
time polymerase chain reaction (PCR) is characterised by the fact that detection and quantification of MAP is
performed with primers and probes, which amplify two loci specific for MAP: 1IS900 and F57 in samples of animal
and vegetable origin.

2. The method according to the invention is further characterised by the fact that MAP can be assessed in any sample
of animal origin, above all from farm animals and in clinical samples from human patients, in samples of vegetable
origin, samples from the environment, especially from fertilizers, dust, hay etc., in samples from archaeological
findings and in food and feed samples.

3. Primersand probesbasedon|S900and F57fordetection of MAPand plasmid constructs produced during performing
the method according to claim 1.

4. The kits for detection and diagnosis of MAP according to claim 1 are characterised by the content of one or more
oligonucleotides according to claim 1 or plasmid constructs according to claim 3.

11
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Figure 1
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